The events that characterise recovery from severe biliary pancreatitis have not been defined. This study used a reversible model ofnecrotising pancreatitis, induced by obstructing the opossum common bile pancreatic duct (CBPD) 
killed by the intravenous administration of a lethal dose of pentobarbital, the abdomen was opened, and blood as well as pancreas was harvested for various assays (see later). In addition to the sham operated and experimental groups of animals described, a non-operated control group of animal (n=4) were also studied. The results obtained in that group were, in all aspects studied, not significantly different from those noted for the sham operated control group.
We chose to study recovery from acute necrotising pancreatitis induced by a five day period of duct obstruction after performing preliminary studies to evaluate the relation between animal survival and the duration of duct obstruction. Those studies (not shown) showed that all animals survived when the ductal obstruction was relieved after five days. On the other hand, when ductal obstruction was present for seven or more days, animal death was common (approximately 80%) and, under those circumstances, most of the animals died within 10-14 days of the time of initial ductal obstruction.
Assessment of acinar cell necrosis by morphometry
Complete cross-sections of the head, body, and tail of the pancreas were fixed in 10 per cent neutral phosphate buffered formaldehyde.
Paraffin wax embedded sections (5 Km) were stained with haematoxylin and eosin, periodic acid Schiff, and Sudan black. They were examined by an experienced morphologist who was not aware of the identity of the sample. Acinar cell necrosis was defined as destruction of acinar histo-architecture with the remaining tissue being composed of amorphous debris, cellular ghosts, and inflammatory cells. The extent of necrosis was morphometrically quantified using a computerised image analysis video unit (model CCD-72, Dage-MTI, Michigan City, IN) equipped with the NIH-1200 image analysis software. As previously reported,7-9 foci of necrosis in this model of acute pancreatitis are equally distributed between the head, body, and tail of the pancreas. Thus, morphometric data from the various sections obtained from each animal were pooled for data analysis. Approximately 10 randomly chosen high power microscope fields were examined for each tissue sample and three tissue samples were evaluated for each experimental animal. Immunocytochemistry for collagen Fragments of pancreas were fixed by immersion in neutral buffered picroformaldehyde for 18 hours at 4°C. They were then washed extensively overnight with cold phosphate buffered saline (pH 7.4) and cryoprotected with 15% sucrose enriched ice cold phosphate buffered saline (pH 7.4). The samples were rapidly freeze blocked in Tissue-Tek OCT compound (Miles, Inc, Elkhart, IN) and stored at -80C until sectioning. Cryosections of 10 Rum were prepared and placed in gelatin subbed slides, which were allowed to dry overnight. They were rinsed in phosphate buffered saline and sites of non-specific protein binding were blocked by incubation with goat serum (10 minutes, room temperature). After washing they were exposed for 18 hours at 4°C to the primary polyclonal antiserum (rabbit anti-collagen intravenously, #PS46, Monosan, Rotterdam, the Netherlands), which had been diluted 1:40 before use. After thorough rinsing, they were exposed for one hour at room temperature to the secondary antibody (goat antirabbit IgG conjugated with fluorescein isothiocyanate (ICN Immunobiologicals, Lisle, IL), which had been diluted 1:33 before use. Antigen was identified using an appropriate excitation filter and epi-illumination with an Olympus BHT-2 microscope. Immunocytochemistry controls included samples in which the primary antibody was omitted or in which the primary antiserum had been previously exposed to purified collagen (100 ,ug/ml) for 24 Table) were deparaffinised, stained with 0.1% Sirius red (Miles, Inc, Elkhart, IN), and 0.1% Fast Green FCF (Sigma Chemicals, St Louis, MI) in saturated picric acid. Sirius red labels collagenous protein while Fast Green FCF labels non-collagenous protein.
After incubation for 30 minutes at room temperature the stains were eluted with 0.1 N NaOH in absolute methanol and the eluted dye was quantified in a spectrophotometer (Danbury, CT). The amount of collagenous protein was expressed as a per cent of total protein in the cross sections.
Analysis of data
Statistical analysis of the data was accomplished using analysis of variance (ANOVA) and the Newman-Keul's test as a post hoc test. The data shown in the Figures represent mean (SEM) values. The absence of error bars indicates that the SEM was too small to illustrate. Significant differences in results were defined as those with a p value <0 05.
Results
All animals recovered quickly from anaesthesia and displayed appropriate behaviour until the time of death. Food and water consumption for control and experimental animals were similar. In accord with our previous finding, serum bilirubin concentration and amylase activity were increased five days after duct obstruction but then rapidly declined to the control value after relief of ductal obstruction (data not shown). Pancreatic water content was also increased five days after duct obstruction with a decline to control values noted shortly after relief of obstruction (data not shown). During the period of ductal obstruction, pancreatic protein and amylase content declined. Both pancreatic protein and amylase content returned to control values within one week after relief of obstruction, increased to values above the control level over the subsequent week (165 (10)% of control value), and then gradually declined.
Acinar cell necrosis
Morphometry -five days after CBPD obstruction, morphometric analysis at the light microscope level showed that 42.5 (4.5)% of acinar cells were necrotic. With relief of CBPD obstruction, evidence of acinar cell necrosis rapidly diminished reaching a value of 17-3 (2.5)% of acinar cells 14 days later and returning to the value noted in control sham operated animals by 60 days after relief of CBPD obstruction (Fig 1) .
Microscopy - Figure 2 [3HI-thymidine incorporation into DNA (B) was Collagen metabolism Figure 4 shows the effects of CBPD sham operated control anims lagen content was also increE ductal obstruction and ren increased during the initial relief of ductal obstruction pancreatic collagen conten that value noted for contr animals. Pancreatic content gen was also evaluated using chemical fluorescence micr( As Figure 5 shows, no incre atic content of collagen dui duct obstruction or after relio tion could be shown using Discussion Most patients recover from a pancreatitis, even if it is asso sis of significant portions of intrapancreatic events that recovery are poorly understo ied this issue using an anim pancreatitis, which closely resembles gall stone induced pancreatitis in humans. As previously noted, obstruction of the opossum CBPD results in haemorrhagic necrosis of the gland and extensive peripancreatic fat necrosis. The extent of parenchymal necrosis is dependent on the duration of duct obstruction and affects roughly 40% of acinar cells after five days of obstruction. During those five days of obstruction, serum amylase activities and pancreatic water content initially rise, then begin to decline, but remain above pre-obstruction values. Pancreatic protein and amylase content, on the other hand, fall during the period of duct obstruction. These various changes I0 I 1 0 I0 J2 probably reflect the fact that extensive intra-60 70 80 90 pancreatic injury and intraparenchymal inflammation accompany obstruction of the opossum CBPD. We have also noted that CBPD obstruction in the opossum is associated with an increase in pancreatic ODC activity but no change in the rate of incorporation of (Fig 4(A) ) showed that pancreatic hydroproxyline values were not increased 60 or 90 days after relief of CBPD obstruction. This negative finding suggests that pancreatic collagen values are not increased at those times. On the other hand, an increase in pancreatic hydroxyproline content was seen five days after induction of ductal obstruction and this increase persisted during the initial seven days after relief of CBPD obstruction. These findings show that CBPD obstruction triggers transient collagen formation and that this phase of collagen formation is followed by rapid degradation of the newly formed collagen (Fig 4(A) . These findings and conclusions are consistent with those of Elsasser et ar22 23 who found that collagen was transiently formed as a result of fibroblast influx during secretagogue induced pancreatitis in the rat. We have also noted the appearance of spindle shaped cells suggestive of fibroblasts during this phase of induction and recovery from necrotising pancreatitis in the opossum (Fig 2(B) and (C) ).
The second technique that we have used to evaluate collagen metabolism during recovery from necrotising pancreatitis entails the chromatographic measurement of the ratio of collagenous to non-collagenous protein in the pancreas. Using this technique, we have found collagen values in control samples that are similar to those found by others who have used this method to study human tissues.2425 In accord with our results for studies evaluating tissue hydroxyproline values, we have also noted that pancreatic content of collagenous protein is increased within five days of CBPD obstruction and that those values remain increased during the initial seven days after relief of CBPD obstruction (Fig 4(B) ). Thereafter, pancreatic content of collagenous protein declines to values below those noted for control sham operated animals.
The third method that we have used to evaluate collagen metabolism during recovery from necrotising pancreatitis entails immunocytochemistry using polyclonal antibodies directed against types I-V collagen. Those studies showed no evidence of increased pancreatic content of collagen during induction or recovery from necrotising pancreatitis (Fig 5) .
In summary, the findings reported show that relief of CBPD obstruction in the opossum is associated with rapid recovery from acute necrotising pancreatitis. We suggest that this recovery is associated with acinar cell replication, which peaks seven to 14 days after relief of obstruction. Tissue concentrations of collagen are transiently increased during the recovery phase but fibrosis and chronic pancreatitis do not develop. Rather, the pancreas re-acquires its previous morphological appearance -that is, restituto ad integrum occurs. Using this model of necrotising pancreatitis, we could detect no evidence in support of the necrosis-fibrosis hypothesis.
There are significant differences between this opossum model of necrotising pancreatitis and human pancreatitis, particularly that caused by alcohol misuse. Thus, the conclusions reached from our experimental studies may or may not be applicable to the clinical situation and the question of whether human acute necrotising pancreatitis can evolve into chronic pancreatitis must remain, to some extent, unresolved. At a minimum, however, our studies show that necrosis of pancreatic tissue during severe biliary acute pancreatitis does not inevitably result in chronic pancreatitis or fibrosis of the gland, or both.
